Background: Response rates such as overall response rate (ORR), complete response (CR) and complete response with incomplete blood recovery (CRi) can be evaluated in a much shorter period of time than overall survival (OS), potentially accelerating decision making during drug development. The objective of this work was to evaluate the relationship between ORR, CR, CRi or better (CRi+CR) rates and median OS to determine whether response rates could be used as predictors of median OS in acute myeloid leukemia (AML). Methods: A review of published literature was conducted to identify relevant AML clinical trials. Weighted linear regression was performed with various linearizing transformations of response rates and median OS. Covariates of interest were evaluated using a forward inclusion, backward elimination covariate model building procedure at α=0.01 and α=0.005, respectively. Results: Twenty trials involving 26 cohorts were included in the meta-analysis. Azactidine treatment was a significant predictor with longer OS compared to decitabine or low dose cytarabine for a given response rate (P < 0.005). Linear regression analysis indicated that the correlation of both CRi or better rates and CR rates with median OS was higher than that of ORR with median OS. The final model showed a strong correlation between CRi or better rates and median OS (R 2 =0.66).
Introduction
Overall survival (OS) is widely used as a primary endpoint for the approval of oncology drugs [1] . Measurement of OS is relatively easy, precise and devoid of subjective assessment as there can be only 2 mutually exclusive outcomes (surviving or non-surviving). However, its evaluation requires long patient follow-up time in a clinical trial, increasing the time and resources required for developing novel therapies. This can also hamper the ability to design future trials, including selection of optimal starting doses. In some malignancies, response rate-based outcomes such as complete response (CR), partial response (PR) or overall response rate (ORR) can be used as surrogate endpoints, which can be measured in a much shorter period of time compared to OS, potentially making a case for accelerated drug approval by regulatory agencies. From 2005 to 2012, the United States Food and Drug Administration (US FDA) approved 41 indications for oncology drugs, 84% of which were based on surrogate endpoints such
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Currently there are no drugs approved in the United States for elderly patients who are newly diagnosed with AML and considered ineligible for standard induction therapy. However, low-intensity treatment options such as azacitidine, decitabine and low dose cytarabine (LoDAC) are currently recommended by the National Comprehensive Cancer Network (NCCN) guidelines for patients aged ≥ 60 years. The relationship between response rates and OS has not been assessed across AML clinical trials, although trends have been observed in individual studies. In a recently reported Phase 2 trial investigating pracinostat and azacitidine in elderly patients with newly diagnosed AML deemed unsuitable for intensive therapy, OS was highly correlated with CR. Two (10%) of the 21 patients with CR died, compared with 20 (69%) of the 29 patients without CR; median OS was not reached in those with CR, whereas a median OS of 7.6 months was observed in those without CR (P < 0.0001) [4] . In another Phase 2 trial of treatment-naïve elderly AML patients, Kantarjian et al. reported a median OS of 19.1 and 15.8 months for patients with CR and CRi + CRp (complete remission with incomplete blood count recovery + complete remission with incomplete platelet recovery), respectively. On the other hand, patients who did not achieve a CR/CRi/CRp had a median OS of 3.1 months; significantly shorter than the median in patients who did achieve CR/CRi/CRp (P < 0.0001) [5] .
The primary objective of this work was to determine the relationship between response rate-based outcomes (ORR, CRi or better, and CR) and median OS in elderly AML patients to assess the potential of response rates to serve as predictors for median OS.
Methods

Trial Selection
The primary source of information for this database was PubMed articles published in English between the years 2004 and 2016. During the PubMed search, the patient subfilters used were "acute myeloid leukemia," "newly diagnosed," and '"azacitidine, decitabine or cytarabine," and the study design and publication type subfilters were "clinical trial," "monotherapy," and "primary publication." Azacitidine, decitabine and cytarabine were chosen, as these drugs are currently recommended by NCCN guidelines for use in elderly patients who are unfit for standard induction therapy. A trial was included in the database if at least one cohort of the study evaluated the use of azacitidine, decitabine or LoDAC and had at least 1 primary or secondary outcome reported as ORR or OS. Other information that was collected includes trial design, sample size, treatment, AML type, percentage of males, age, baseline bone marrow blast percent, baseline absolute neutrophil counts, and Eastern Cooperative Oncology Group (ECOG) scores, if reported. A trial was excluded from the database if the study type was not relevant, including retrospective studies, reviews, meta-analyses, case-reports or cost-analyses.
Meta-analysis Methodology
Descriptive statistics were performed to summarize the characteristics of the cohorts selected for the analysis. To improve the linearity of the relationship, various transformations of response rates (e.g. logit, arcsine) and median OS data (e.g. logarithm, reciprocal, square root, cube root) were tested. Linear regression weighted by sample size was then performed to determine the correlation between response rates (CR, CRi or better, ORR) and median OS on a transformed scale using R v.3.2.1 (http://www.r-project.org/). Effects of covariates such as median age, percentage of males enrolled, treatment, percentage of patients with ECOG scores of ≤ 1, and median bone marrow blast percentage were evaluated using a stepwise forward inclusion, backward elimination model building procedure at Type 1 error rates of α=0.01 and α=0.005, respectively. Adjusted coefficient of determination (R 2 ) and model diagnostic plots were used to assess the performance of the models. The model results were back-transformed to the original scale for plotting the relationship between response rates and median OS.
Results
Overall, 33 trials were included in the database following the outlined inclusion and exclusion criteria. Using the established database, a trial was included in the meta-analysis if it had both response rates and median OS reported in at least one cohort of the study (Figure 1 ). Twenty trials (6 of which were randomized) involving 26 cohorts were included in the meta-analysis. A detailed description of characteristics of cohorts included in the analysis is presented in Table 1 . In brief, the median age of patients ranged from 66 to 78 years and the median and range of outcomes were as follows: ORR 28% (6-68%); CRi 3% (0-17%); CR 18% (5-57%); and OS 7.7 months (3.0-18.9 months). Half of the cohorts (50%) included azacitidine alone or in combination, with decitabine being the second most used treatment option (26.9%). ECOG scores and median bone marrow blast percentage were reported in approximately two-thirds of the cohorts. The percentage of patients with ECOG score ≤ 1 ranged from 52.2 to 82.2, with a median value of 75.5, which was imputed for cohorts in trials not reporting ECOG scores. Similarly, the median bone marrow blast percentage ranged from 25% to 72% with a median value of 46% imputed for cohorts in trials in which it was not reported.
Meta-analysis
Logit of response rates and logarithm of median OS were the best transformations of the data. The linear regression coefficient was used to assess the strength of the relationship between response rates (ORR, CR, and CRi or better) and median OS. The correlation between CRi or better or CR rates and median OS was higher (R 2 = 0.49 and 0.48, respectively) than that of ORR and median OS (R 2 =0.45). Azacitidine treatment was found to be a significant covariate in the model (P <0.005), with higher median OS in cohorts receiving treatment with azacitidine at a given CRi or better rate compared with those receiving decitabine or LoDAC. For example, at a CRi or better rate of 30%, the estimated median OS was approximately 3 months (95% CI: 2.2 -3.8 months) longer for the azacitidine cohort compared to the non-azacitidine cohorts. The final model showed significant correlation between CRi or better rates and median OS (R 2 =0.66, Figure 2 ). Other covariates, such as median age, percentage of males, ECOG scores, and bone marrow blast percentage were not found to be statistically significant. 
Discussion
There is an unmet medical need for better therapies for elderly AML patients; however, the use of OS as an endpoint in elderly AML patients may require 2-3 years to demonstrate survival benefit. On the other hand, response rates usually require only 6 months follow up in AML trials. Hence, the use of response rates as surrogate measures for establishing efficacy in AML trials has the potential to accelerate drug approval by approximately two years [6] . In a review of FDA experience with 47 new indications for 35 oncology products which were granted accelerated approval between 1992 and 2010, the median time between accelerated approval and regular approval of oncology products was 3.9 years allowing substantially earlier access of cancer patients to these drugs that demonstrate significant clinical benefit [7] . This potentially reduces health care costs and minimizes hospital visits.
Examples of accelerated approvals converting to regular approvals include bortezomib and carfilzomib indicated for multiple myeloma. Both drugs gained accelerated approval based on response rates (May 2003 and July 2012, respectively) and were subsequently converted to regular approvals (March 2005 and January 2016, respectively) based on survival benefit. On the other hand, gemtuzumab gained accelerated approval in May 2000 as a second-line therapy for AML in patients older than 60 years but was voluntarily withdrawn from market ten years later after it failed to demonstrate improved efficacy and acceptable toxicity in a randomized study [8] . However, additional data from 4 randomized studies has shown the efficacy of this agent in newly diagnosed AML with acceptable toxicity and its application was recently resubmitted almost seven years after withdrawal [8] . It must be noted that an accelerated approval pathway provides early access to a potential therapy for patients but does not necessarily reduce drug development costs for drug companies because companies are required to demonstrate the direct clinical/survival benefit subsequent to accelerated approval to gain regular approval.
The current work represents the first evaluation of the use of response rates as predictors of median OS, potentially accelerating the development of novel AML therapies. The analysis included clinical trials that evaluated the three commonly used drugs (azacitidine, decitabine and LoDAC) that are currently recommended by NCCN guidelines for use in elderly patients with AML who are unfit for standard induction therapy. In general, studies of single agent therapy with these drugs have shown response rates in the range of 25-30% [9] [10] [11] . It must be noted that a number of novel drugs that are being investigated in combination with these commonly used drugs were successful in increasing the response rates, especially CRi [4, [12] [13] [14] [15] [16] [17] [18] . Therefore, trials investigating these three drugs were considered to be most relevant for inclusion in our analysis to predict the potential OS of the new combination therapies.
US FDA regulations allow new drug approval to proceed via two pathways: regular and accelerated. Direct clinical benefit or an effect on an endpoint established as a surrogate must be demonstrated for regular approval. For accelerated approval, which is designed to provide rapid access to therapies for life-threatening diseases, an effect must be demonstrated on a surrogate measure that is "reasonably likely" to predict clinical benefit, allowing use of a surrogate before being established. Generally in leukemia, durable CR has been considered an established endpoint of clinical benefit if associated with less infection, bleeding or blood product support and patients with durable CR have been shown to have longer OS compared to those without CR [1, 19, 20] . However, contradictory evidence from recent studies investigating new AML therapies show higher CR rates compared to control, with no improvement in survival [21, 22] , suggesting remission does not always result in survival benefit. Additionally, data from less intensive treatment options, such as azacitidine in elderly patients, suggested no survival difference between subjects achieving CR and subjects achieving less stringent responses including CRi and PR [23, 24] . Therefore, there is considerable interest in understanding the relationship between less stringent responses and OS and factors affecting this relationship in elderly patients. To that end, our analysis demonstrated that OS was strongly correlated with CR and CRi or better rates in elderly AML patients treated with low-intensity treatments. There was no difference in OS predictability between CR and CRi or better rates.
Another consideration for predicting survival was the impact of drug treatment on median OS. Notably, among the three drugs that were evaluated, azacitidine appears to achieve a longer OS compared to decitabine or LoDAC for a given response rate. One possible mechanism for longer OS with azacitidine could be the ability to administer it for a longer period of time compared to decitabine and LoDAC (median treatment cycles: azactidine -6 to 8 cycles; decitabine/LoDAC -2 to 5 cycles) [9] [10] [11] . Our analysis suggests that at the population level, OS predictions made using CRi or better rates are similar to those made using CR rates alone. However, this cannot be taken to demonstrate that the survival outcome at individual level for a patient with CRi is identical to that for a patient with CR.
In summary, the relationship between response rate outcomes and median OS was determined in elderly AML patients. The analysis demonstrated that CRi+CR rate was a better predictor of median OS than OR rate and that the median OS was longer with azacitidine treatment compared to treatment with decitabine or LoDAC for a given response rate. These estimated relationships in AML highlights the potential for CRi or better rates, in addition to CR rate, to serve as surrogate markers for median OS and may be used to guide decisions on long-term survival using only short-term response rates in the development of new therapies for AML. 
